Objective We conducted a multicenter retrospective survey of patients poisoned by synthetic chemicals (SCs) in Japan. Methods Letters were sent to 467 emergency facilities requesting participation in the study, and questionnaires were mailed to facilities that agreed to participate. Patients The study participants were patients who were transported to emergency facilities between January 2006 and December 2012 after consuming SC-containing products. Results We surveyed 518 patients from 60 (12.8%) facilities. Most patients were male (82.0%), in their 20s or 30s (80.5%), and had inhaled SCs (87.5%) contained in herbal products (86.0%). Harmful behavior was observed at the scene of poisoning for 56 patients (10.8%), including violence to others or things in 32, traffic accidents in seven, and self-injury or suicide attempts in four. Other than physical and neuropsychiatric symptoms, some patients also had physical complications, such as rhabdomyolysis (10.0%). Of the 182 patients (35.1%) admitted to hospitals, including 29 (5.6%) who needed respirators, all of the 21 (4.1%) hospitalized for at least seven days were male, and 20 had physical complications (rhabdomyolysis, 12; liver dysfunction, 5; renal dysfunction, 11; and physical injuries, 3). Most patients (95.6%) completely recovered, although 10 (1.9%) were transferred to a psychiatric department or hospital, and three (0.6%) were handed over to the police due to combative or violent behavior. SCs such as synthetic cannabinoids, synthetic cathinones, or methoxetamine were detected in 20 product samples. Conclusion Consuming products containing SCs can result in physical complications, including rhabdomyolysis, injuries, and physical or neuropsychiatric symptoms, which may require active interventions, such as respirator use or prolonged hospitalization.
Figure. Samples of products commercialized as an "herb" (A) or a "bath salt" (B).
A B names, such as "herbs," "incense," or "bath salts" (Figure) (3, 4) . Although such products are not sold for human consumption, they are in fact smoked to create a cannabislike high or ingested for euphoria and relaxation. One key to their popularity is that they are not detectable with conventional urine drug screening tests for amphetamines (AMP) or delta-9-tetrahydrocannabinol (Δ 9 -THC), the primary psychoactive constituent of natural cannabis (1, 2) .
The consumption of products containing SCs may have serious adverse effects. However, very little is known about this topic, and existing published studies have only assessed a small number of cases or limited data from poison centers in Europe or the United States (5) (6) (7) (8) (9) (10) . Here, we conducted a multicenter retrospective survey of the demographics, clinical features, treatments, and the outcomes of patients poisoned by SCs in Japan.
Materials and Methods
The study participants were patients who were transported to emergency facilities between January 2006 and December 2012 after consuming products containing SCs. A letter requesting participation was sent to 467 emergency facilities with employees who are members of the Japanese Society for Clinical Toxicology (JSCT) or the Japanese Association for Acute Medicine (JAAM). A total of 60 (12.8%) facilities agreed to participate. A questionnaire was mailed to all participating facilities with questions regarding patient age and sex; how the products were obtained; the form of the product; route of intake; any chemicals taken together that affect the central nervous system (CNS); who called the ambulance; harmful behavior to self, others, or things at the scene; vital and clinical signs and symptoms, and physical complications on arrival at emergency facilities; treatments (including respirator use and administered drugs); outcomes; and toxicological analysis of the products or biological samples (e.g., blood or urine). The questionnaires were collected and analyzed at the Department of Emergency & Critical Care Medicine, School of Medicine, Kitasato University. This study was approved by the ethics committees of the participating hospitals.
Results

Patients
A total of 521 patients from 60 emergency facilities in Japan were evaluated. A patient who refused to see a physician and two patients who fled from the hospital before seeing a physician were excluded. Thus, a total of 518 patients poisoned with SCs were included in this survey. The number of patients poisoned with SCs exponentially increased from 1 in 2010 and 48 in 2011 to 469 in 2012, although there were no patients until 2009. Men (n=425, 82.0%) were 4.57 times more likely to be poisoned by SCs than women (n=93, 18%).
Sociodemographics
Most patients were young [mean age, 28.4 years (SD 8.4 years)], with those in their twenties and thirties comprising 80.5% of the study population; those younger than 20 years accounted for only 9.3%. The only patient younger than 10 years was a one-year-old boy who ingested his father's herbal products. A total of 202 patients provided information regarding how the products were obtained; 84 patients (41.6%) purchased them in shops, 56 (27.7%) obtained them from others, 39 (19.3%) bought them on the Internet, and 27 (13.4%) obtained them through other means, such as vending machines. Of the 450 patients who provided information regarding the form of the products, 387 (86.0%) consumed herbs, 26 (5.8%) powders, 24 (5.3%) liquids, and 11 (2.4%) more than two forms. Among 480 patients who provided information regarding routes of intake, 420 (87.5%) inhaled SCs contained in the products that were vaporized by heating, 31 (6.5%) ingested, six (1.3%) sniffed, seven (1.5%) inserted anally, and 11 (2.4%) used more than two routes. others, or items at the scene was observed in 56 patients (10.8%), including violence to others or things in 32 (6.2%), traffic accidents in seven (1.4%), and self-injury or suicide attempts in four (0.8%).
Clinical features
With respect to vital signs on admission, many patients had tachypnea with a respiratory rate " 20/min (55.4%), tachycardia with a pulse rate " 100 beats/min (48.5%), hypertension with a systolic blood pressure " 140 mmHg (29.7%), consciousness disturbance with a Glasgow Coma Scale (GCS) score ! 14 (46.0%), and mydriasis with a mean pupil diameter " 4 mm (47.0%). Some patients had severe tachycardia with a pulse rate " 140 beats/min (7.2%), severe hypertension with a systolic blood pressure " 180 mmHg (2.6%), severe disturbance of consciousness with a GCS ! 8 (6.5%), and hyperthermia with a body temperature " 38.5 (2.6%). In contrast, only a few patients had bradycardia with a pulse rate <60 beats/min (3.4%), hypotension with a systolic blood pressure <80 mmHg (0.8%), miosis with a mean pupil diameter ! 2 mm (2.4%), and hypothermia with a body temperature <35.0 (4.3%) ( Table 1 ). The clinical symptoms on admission other than abnormal vital signs included neuropsychiatric symptoms with high morbidity, such as agitation or irritability (23.6%), anxiety or fear (10.4%), confusion (9.3%), abnormal behavior (6.4%), and seizures or convulsions (5.8%), as well as vomiting (24.9%), nausea (15.6%), and palpitations (14.5%). The major physical complications on admission included rhabdomyolysis (10.0%), liver dysfunction (4.8%), renal dysfunction (4.8%), and physical injuries (1.7%) ( Table 2 ).
Treatments and outcomes
Treatments for patients were as follows: respirators (29, 5.6%), infusions (454, 87.6%), and drugs including propofol, BZO (e.g., midazolam, diazepam, and flunitrazepam), antipsychotics (e.g., haloperidol and risperidone), and dexmedetomidine (76, 14.7%) ( Table 3) .
Among all patients, 182 (35.1%) were admitted to hospitals with a mean length of hospitalization of 3.2 days (SD 5.6 days). Most patients completely recovered (n=495, 95.6%), 10 (1.9%) were discharged with residual signs or symptoms, 10 (1.9%) were transferred to a psychiatric department or hospital, and three (0.6%) were handed over to the police due to combative or violent behavior ( Table 4 ).
All of the 21 patients (4.1%) hospitalized for at least seven days were male, and 20 (Cases 1 to 20) had physical complications on admission: 12 had rhabdomyolysis [including two with notably elevated creatine kinase levels (>100,000 IU/L)], five had liver dysfunction, 11 had renal dysfunction, and three had physical injuries from traffic ac- (Table 5) .
Toxicological analysis
Triage DOA [a conventional urine drug screening test for abused drugs (Biosite Diagnostics Inc., San Diego, USA)] was performed in 267 patients and was positive in 62 (23.2%): phencyclidine (PCP) in three, tricyclic antidepressants (TCA) in four, BZO in 31, barbiturates (BAR) in 14, opiates (OPI) in nine, cannabinoids (Δ 9 -THC) in 11, and AMP in 5. Although no patient underwent toxicological analysis of biological samples (e.g., blood or urine) other than Triage DOA , 20 samples of the products consumed by 14 patients, including one (Case 21) in Table 5 , were analyzed using gas chromatography mass spectrometry (GC/ MS) at two emergency facilities. Synthetic cannabinoids were detected in 12 samples, synthetic cathinones in 13, and methoxetamine in seven (Table 6 ). Case 21 was found to consume two products containing a total of five synthetic cannabinoides. 
Discussion
In the present survey, there were no instances of patients being transported to emergency facilities after consuming SC-containing products until 2009, and there were only sporadic cases between 2010 and 2011. However, the incidence dramatically increased in 2012. The Ministry of Health, Labour, and Welfare (MHLW) reported that the number of shops selling these products in Japan has increased markedly since October 2011, with a total of 389 shops (including 94 in Tokyo and 73 in Osaka) existing as of March 31, 2012 (11) . This proliferation of shops likely contributed, at least in part, to the increase in the number of patients in 2012.
In the present study, most patients were men (82.0%) in their 20s or 30s (80.5%), with adolescents younger than 20 years comprising only 9.3% of all patients. In Europe and the United States, the highest prevalence of SC use is reported among males and youths. The proportions of adolescents under 20 years poisoned by SCs in Europe and the United States were much higher than that in the present survey (9.3%), with adolescents accounting for 41% of total SC exposures reported to poison centers in Texas (5-7), 42% reported to the poison center in Sweden (9) , and 67% to the poison center in Ireland (10) . Adolescents in Japan may be less likely to use or have access to SCs compared to those in Europe and the United States. In August 2008, the MHLW announced the third Five-Year Strategy aimed to prevent drug abuse, with a particular focus on measures directed at adolescents. For instance, books containing abundant information about the risks and hazards of SCs were created and distributed to parents of sixth-grade elementary school students, third-grade junior high school students, and both employed and unemployed adolescents (11). Healthcare education regarding the adverse effects of SCs for adolescents may be more effective in Japan.
In the present study, SCs such as synthetic cannabinoids, synthetic cathinones, or methoxetamine were detected in many samples of the consumed products (Table 6 ). These products possibly contained different SC components with variable potencies and concentrations. In Japan, many efforts have been made to decrease the use of SC-containing products. To this end, the MHLW regulates chemical substances that are scientifically proven to induce psychiatric toxicity and have narcotic-like behavior (i.e., causes mental or physical dependency) under the Narcotics and Psychotropics Control Act. If a chemical substance is classified as a narcotic, its possession, consumption, import, compound manufacture, and sale are prohibited. However, a chemical substance cannot be immediately classified as a narcotic, as this requires scientific research into its potential harmful effects, which requires considerable effort and cost. As of December 2012, only four synthetic cannabinoids (i.e., JWH-018, JWH-073, JWH-122, and cannabicyclohexanol) and one synthetic cathinone (MDPV), among all SCs found in products sold on the Internet or in shops as legal herbal blends, incense, or bath salts, were classified as narcotics in Japan. The MHLW also regulates chemical substances that are harmful to human health via their excitatory or hallucinogenic effects and classifies them as controlled drugs under the Pharmaceutical Affairs Act. While the import, compound manufacture, and sale of chemical substances classified as controlled drugs are prohibited, their possession and consumption are not. It also takes less time to classify such substances as controlled drugs. As of December 2012, 99 chemical substances have been classified as controlled drugs, all of which are synthetic cannabinoids except α-pyrrolidinovalerophenone (PVP), a synthetic cathinone. New chemical substances are likely to be synthesized to replace those classified as "narcotics" or "controlled drugs," presenting a cyclical problem with no resolution (12) , and regulations focusing solely on synthetic cannabinoids may contribute to the spread of alternative synthetic cathinones and methoxetamine in Japan.
Synthetic cannabinoids, many of which have chemical structures unrelated to Δ 9 -THC, are full agonists of CNS cannabinoid type 1 (CB1) receptors, and are thus more potent than Δ 9 -THC, a partial agonist of these receptors. As a result, synthetic cannabinoids may have stronger adverse effects than natural cannabis (13) (14) (15) (16) , including agitation, aggressive behavior, inability to speak, short-term memory deficits, drowsiness, panic attacks, psychosis, hallucinations, delusions, confusion, seizures, dizziness, mydriasis, nausea, vomiting, chest pain, and heart palpitations (3, 5-10, 17, 18) . The management of poisoning was largely supportive of an excellent prognosis. The majority of those who reported to poison centers in Europe and the United States had selflimited symptoms and only received symptomatic treatment. Intravenous fluid administration was the most common therapeutic intervention, followed by BZOs to manage neuropsychiatric symptoms, such as agitation or seizures (5-9).
Methoxetamine, 2-(3-methoxyphenyl)-2-(ethylamino)cyclohexanone, is a derivative of ketamine and acts as an Nmethyl-D-aspartate (NMDA) antagonist and dopamine reuptake inhibitor with greater potency, a longer delay in onset, and a longer duration of action than ketamine (19) . The adverse effects associated with its use include dissociative symptoms such as derealization, depersonalization, and catatonic-like state; sympathomimetic symptoms including tachycardia, hypertension, mydriasis, agitation, aggression, hallucinations, confusion, and stupor; and cerebellar symptoms such as gait instability, slurred speech, incoordination, dysarthria, dysdiadochokinesis, and nystagmus (19) (20) (21) (22) (23) . Several patients have been hospitalized after using methoxetamine for recreational purposes (21, 22) . Treatment is supportive with BZOs for sedation, anti-emetics, intravenous fluids for rhabdomyolysis and dehydration, and physical restrain and respiratory support as required (24) .
Synthetic cathinones are phenylalkylamine derivatives that inhibit the reuptake of norepinephrine, serotonin, and dopamine, as well as stimulate the release of these monoamines, producing an AMP-like effect to exert both excitatory and sympathomimetic symptoms (25, 26) . The adverse effects include agitation, combative or violent behavior, psychosis, hallucinations, delusion, paranoia, confusion, suicidal ideation, tachycardia, chest pains, hypertension, dehydration, cardiovascular complications, rhabdomyolysis, and even death (27) (28) (29) . In a Michigan study conducted by the Centers for Disease Control and Prevention from November 13, 2010 to March 31, 2011, 17 of the 35 emergency room patients exposed to synthetic cathinones were hospitalized, and one was dead upon arrival at the emergency room (30). Spiller et al. reported that death (n=1) was included among severe medical outcomes of 236 patients exposed to MDPV (31) . Furthermore, a review of the literature describing poisoning with synthetic cathinones revealed that multi-organ failure, including rhabdomyolysis, renal failure, and hepatic failure, and death, can occur in severe cases (32) . The primary treatment of agitation in the emergency room should commence with BZOs, which are well tolerated, allow titration, and can prevent and terminate seizures. However, if agitation involves psychosis, an antipsychotic may be useful to augment BZO treatment. Persistent hypertension can be treated with vasodilators, such as nitroglycerine or sodium nitroprusside. As multiple organ systems may be affected, laboratory testing should include electrolytes administration, hepatic and renal function measurements, a coagulation panel, and creatine kinase assessments to screen for rhabdomyolysis (33) . Synthetic cathinones may induce more severe toxicity requiring more active therapeutic interventions and resulting in worse outcome than synthetic cannabinoids or methoxetamine.
In the present survey, many patients exhibited sympathomimetic symptoms such as tachycardia, hypertension, and mydriasis and neuropsychiatric symptoms including agitation or irritability, seizures or convulsions, and psychosis, which can be attributed to synthetic cannabinoids, synthetic cathinones, or methoxetamine. However, a number of patients (5.6%) required respirators, and a few patients (1.9%) were transferred to a psychiatric department or hospital. The physical complications, such as rhabdomyolysis and physical injuries, apparently contributed to prolonged hospitalization. Although the products consumed by the patients with severe physical complications were not analyzed, the consumption of products containing synthetic cathinones may have contributed to the higher toxicity rate observed in this study.
Limitations
The determination of SC exposure was based on information or products provided by patients, their families, or friends or products found at the scene by first responders. However, SC exposure was not verified by the analysis of biological samples, such as blood or urine. Moreover, 20 samples analyzed toxicologically do not represent all of the samples consumed by patients in this study.
Conclusion
The use of SC-containing products can lead to serious adverse effects and cause physical complications, such as rhabdomyolysis and physical injuries due to harmful behavior (e.g., violence, traffic accidents, self-injury, or suicide at-tempts), as well as severe physical or neuropsychiatric symptoms that may require active interventions, such as respirator use or prolonged hospitalization.
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